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Ihi  ef £«-t.-tiv“tu-3s  of  the  use  of  an  aerodynamic  lift  with  ■1u;5cent  in 


tha  a taioaphocc-  af  Marjj, 


n 

, I, 


Sro  o<a;uii;  ’i  t lii..itinj  cas'vS  of  a roduction  in  the  icocent 


vehicle,  .aicli  ponaeriHoH  lift  atro J'/uaiiic  forc*^,  in 


) I 


the  a t.noHpti  jci.  of  •'ir::  - i.!ig  ifite  diiiplc  in  realization  descent  with 
constant  lift-lL'n  ; r itio  -inJ  desooa*-  nost  complex  in 

railization  witn  tha  opti  man-  control  of  lift,  that  maV.o:;  it  possihlv? 
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tJ  obtain  tUo  niiniri'j.'M  final  valor-ity  toi  an  ippat.itns  with 
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taeso  CHjc  icitoriat-.icJ.  In  tho  Bii (jnitujo  o£  d Jift'ifonce  in  thc>  final 
VdlocititJd  whrn  usinj  th^>^ie  two  viows  of  Jasceut  it  is  dofiiioil, 

"-0  '-i.ioii  of  thaa  it  is  posaililo  to  give  pcafarence  in  each  concrete 
case.  Ace  given  naaecical  results. 

The  solution  to  the  problaa  of  the  aacodynaoic  descent  of 
apparatuses  to  the  surface  of  Kars  is  liindar/haapered  on  the  strength 
of  the  fact  that  the  atmosphoce  of  the  planet 

is  extreaely  is  racofied.  By  force  this  use  of  ballistic  type 
apparatuses  con  jU'jat<2/coa  hinod  with  the  greatest  difficulties,  so 
as  magnitude  of  the  given  load  on  froutal  surface  in  such  descent 
veUicloiS  (D’7)  tiiist  not  exceed  "70 

hg£/s*  [1,  2 1.  The  introduction  of  lift  .aakes  it  possible 
jupstdiitially  to  facilitate  acconplisuing  of  the  objective  of  the 
aarodynaaic  deacont : 

to  docteise  tha  final  velocity  or'  v^-  velocity  to  the  lonent  of  tne 
Connection  of  nho  system  ot  soft  landin-i,  to  increase  load  on  tiie 
frontal  sutfaci' 

JV  and,  etc. 
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Ihe  o££cct of  tho  us«»  of  an  acrodynanlc  lift  foe  the 
descent  ot  apace  vehicle  (JfA)  in  the  atraouphere  of  lata 
can  bo  defined  by  the  [ragnitud-j  of  the  final  rate  to  vhich  was 
anhibited  tne  vahiclef  since  for  active  braking  with  the  help  of 
thi  propulsion  systea  of  each  10  a/s  of  a velocity  increment  of  V^is 
spant  several  dozen  kilograms  of  fuel  load  and 
the  structural  aleaonts  of  the  system  of  soft  landing. 

In  the  ptenent  work  are  examined  two  limiting  cases  of  a 
“reduction  nv,  which  possesses  lift  aotcJynaaic  force  - 
ths  quite  simple  In  realization  descent  wrth  constant  lift-drag  ratio 
{K=coust)  and  the  most  coiiplox  in  realization  descent 
with  the  optimum  control  of  lift  (K-var) , that  makes  it  possible  to 
obtain  the  minimum  final  rate  for  DV  with  the  assigned 
character  is  tic 
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wliiati  jro  ichiavt'd  whoii  uairuj  th(?so 

views  'j£  Otiicont  uncloc  other  iilentical  con.Htions,  it  is  possible 
to  jujje  to  wliioh  of  theu  it  is  necessary  to  ijive  preference  in  each 
concrete  case. 

We  will  examino  case  of  the  entrance  kA  into  the-  atmosphere  of 
Macs  from  the  trajectory  of  diroct/strai'jht  f 1 ight/passa-ye  ground- 
dars,  for  which  the  cate 

tlia  atmospheric  entry  or  Mars  sxtj  ki./s.  On  the  trajectory  of 
descent  is  supjr imposed  the  constraint  hy  height  of  the  mission  KA 
above 

tae  suffice  of  the  pli.ot; 


(1)  . 


//d>  (fim.-' 


ACM’ 


Durinj  ths  simulation  of.  ti;  - o'juations  of  iiiotion  or  the  center  of 
iiiss  DV  wdi  utilize!  "operational"  .tiou-oI  of  the  atmoj'.phere  of  Mars  [1, 
-i]. 
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DAGi: 


Dt?i;i:viit  with  ;;onit.int  lift-Uji-3  ratio.  Wo  will  examine  traffic 
DV  within  oi»-!ia  t ion  •>  1 roentcy  corriilot. 

i 

rha  lower  uounJacy  o£  oporational  reentry  corriOor  is  defined  by  the 

» 

miniiauJi  altitul»  or  the  conditional  pecicenter  of  the  trajectories  of 

P 

I I M 

vMitcance  ci*  at 

p 

wnich  is  atiil  por.oil.-le  the  execution  of  constraint  (1)  , if  K=Kj|,^,The 
upper  bound  is  lofinod  crom  tho  condition  of  capture  DV 

P 

by  the  atuiosphere  of  Mars,  In  this  case  the  vehicle  is  considered 

P 

' ^ seized  by  the  atmosphore,  if  the  (i-axiauin  altitude  of  mission  after  the 


first 


inzartion  into  lense  layers  of  the  atmosphere  does  not  exceed  100  Vm. 
It  auauld  bo  noted  that  the  lower  boundary  of  oporational  reoritty 
' corridor  subiitantially  deiionds  on  tho  dosiyiicd-ballistic  parameters 
bV  [qivon  load  on  it.;  ironta)  surtace  of  P^=0/c  S,  where  c-,  S and  G 


are  a dray  cocf  f icioiit , 


tha  area  oi  in  id  .:oct  ion  and  weight  (on  'jraund)  DV,  and  the  litt-drig 


ratio  b V at  l.,il  tnce  angle  e 


<ui  4 fro.n  th.>  :d  Hi  ;.in  lly  [i.-.'rn  i-.aiblo  alt  itude  Tlio  altitude 
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XHt  TAiiLE  (KIGUltt,)  W.ilCIl  MAY  HAVE  Uht:>l  tlFT  OUT*  *♦♦♦♦♦  ♦*♦ 


Fij.  1. 


Xoy:  (1)  Jopa.  (.’)  k-jt/.a®.  (3)  k:«.  (4)  dopa.  (5)  the  initial 

pcacebii/uon  J itioru.  (6)  ku. 
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Fig.  2 giv^s  the  atipenJoncos  of  the  jagnitude  of  the  final  rate 

ftom  the  designed-ballistic  parameters  DV  (P^and  Kf.)  and 
from  the  altitude  of  the  conditional  pericenter  of  the  trajectories  of 
entrance.  It  is  evident  that  with  descent  with  Kaj- const  the  magnitude 
of  the  final  rate  substantially 

depends  on  the  altitude  of  the  conditional  pericenter  of  the 
trajectory  of  entrance,  achieving  aaxiBua  near  the  middle  of  reentry 
corridor. 

Page  82. 


Thus,  for  instance,  for  DV  with  Pj=350  '<g£/iii?  and  Ko-0,3  =8  km/s 

S 

= f'30  .u.rfi*;  Hr.  --  HI.  — — 170  km, 

V’k“740  M:^  f/.  ™ fy;  = - 50  K.\t, 

V,.=r.7&)  Mlcku  — KM. 


m/s;  with;  km, 
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Let  us  note  also  that  the  ainiaum  value  of  the  final  rate  in  the 
case  of  traffic  DV  with  the  constant  lift-drag  ratio 
is  achieve!  during  traffic  along  tae  lover  boundary  of  operational 
reentry  corridor.  In  this  case  the  maxiiomn  spread  in  the  oagnitude  of 


the  final 


rate  during  traffic  within  operational  reentry  corridor  with  K6=const 


is  120-150  ai/s.  As  one  would  expect. 


an  increase  in  the  load  on  frontal  ..urface  and  lift-drag  ratios  leads 


to  an  increase  in  the  final  rate,  so. 


for  example  during  increase  P^fton  200  to  650  kgf/m*  I/,  grow/rises  fto.i 
650  to  976  a/K,  and  during  change  Ksfroci  0.3  to 

0,5  the  value  of  K- in cc cases  ftoni  7n0  to  1016  m/s  (ace  examined  the 


saxiraum  values  l'  within  the  o per  at  ion  a 1 corridor 


entranc.j) 


I 
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Fij.  2. 


Key;  (1)  Km.  (2)  Ka.  (3)  kjE/m*.  (4)  g£.  (5)  m/s. 
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Optioiua  cDntral  of  the  final  cate,  For  detecmining  the  optiaium 


la«  of  control  of  the  "effective"  quality 

— KoCost  (K  ig  an  angle  of  the  bank  DV)  from  the  condition  of  the 
miaifflun  of  the  final  rate  of  descent  was  solved  the  corresponding 


variational  problem. 


Was  examined  the  plane  motion  of  the  center  of  mass  DV  in  the 


atmosphere  of  being  unrotated  Marsj 


tr  pV'/Ta  „ cosO  V'cos') 
- ff.M  (H)  ; 


H = V''sin  0. 


Here  V,  K - velocity  and  flijnt.  altitude;  9 - the  angle  of  t.io 
path  inclination  i)V  toward  the  local  horizon;  a - the  mean  radiu;; 


dars;  p - the  atmospheric  d>*iuiity  of  Mars;  ~ the  ncceli.'raticn  of 
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jCivity  on  :iar.‘: ; '.i;.,  - the  accoloration  of  -jravity  on  ground; 


point  designate]  time  derivatives  t. 


Page  dJ. 


The  value  of  th?  given  load  on  the  frontal  surface  DV  P was  received 

I ' 


as' constant  in  an  entire  trajectory  of  descent. 


» 

I 

» 


The  oojective  was  accomplished  during  the  constraints 


//,  — //(f)  V.0; 

-Ko<ru<K^ 


C3? 


and  uiidoc  the  boundary  conditions 


o 
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••  o«,)=^o„;  //(0‘ 

it~is  •f’ftc.*. 


I 

I 

> 

i 

> 

» 

I 


Indox  ”0"  dosignatcd  the  initial  conditions,  which  correspond  to 

the  entrance  KA  into  the  atmosphere  o£  Mars. 

For  the  notation  of  the  necessary  conditions  cf  optinum  character 

was  utilized  the  principle  of  L.  S«  Pontriagin's  oaximura  [3,  4]. 

The  carciel  ojt  investigation  showed  that  the  optimum  control 

depending  on  tha  parametors  DV  P,  and  A'e  and  minimally 

(/^mln),on 

t'ua  permissible  flight  altitude  at  the  identical  conditions  of 

entrance  can  be  two  types. 

First  typa  optimum  trajectory  maintains  the  phase  of  traffic 
along  constraint  (3) . During  izovysotnom  phase  of  trajectory 
tha  control  is  lefinod  uinmoiguously  from  the  condition  of  the  passage 
of  extremal  along  constraint  [4]  and  takes  the  form 


>+ ' 


( V-~  ' ) ff3  ;-H  (A’ + ’//'j  ’ IfrisAX. 


(A  -f-  hS 


iMIniMMaMii 
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Pescont  £com  constraint  is  implouionted  inside  the  pefBis.slblo 

region  of  pnase  coordinates  with  the  ma-gnitude  of  the  effective 

luality  ■ /C,4,'=d-Ac, 

which  remains  constant  to  the  end  of  the  trajectory.  It  should 
be  noted  that  in  the  presence  of  horizcntal  phase  in 
the  composition  of  the  optimum  trajectory  of  the  entrance  functional 
"of  Ki- does  not  d ipend  on  the  initial  conditions  Vq,  0(j  and  Hq. 

Second  type  optiaum  trajectory  does  not  maintain  izovysotnogo 

I 

t 

phase,  Tne  ptojean  of  control  is  the  program  with 

the  one-time  chaiigeovcr  of  effective  quality  withieMBMon  -•  + A's. 

It  is  necessary  to  not-.!  that  a decrease  in  the  minimally 
permissible  flight  altitude  DV  above  the  surface  of  Mars,  and  also 

i 1 a 

load 

on  tiio  trontal  surface  DV  and  the  raagnitules  of  lift-drug  ratio  Irads 
to  a decrease  in  the  time  intervai,  wituin  which 

JV  moves  over  constraint //— (// ,)„„|.:iorfc'OVcc  for  semo  typos  DV  there  is 

(/ /ni:i)  ,j.  1, 

an  altitude  ffWi.  at  which  during 

(/; ).,  (If....,)..,.. 

fulfillment  of  the  condition.'  fiBBBCSBB  the  optiirun  trajectory  dc^s 


I. 


o 


o 
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aot  aidintdin  izyvyr.otno^o  pha^sc.  Tlius,  for  instance,  for 

(77miit)iii>v.t 

DV  with  Pjf=250  anO  A'f,  =0.3  md^jnitudc  =2.75  hn,  but  for  DV 

with  P;^  = 0O  kjf/ai2  and  ^'(,  = 0.1* 

this  magnitude  is  equal  to  5.03  ko.  In  this  case,  as  earlier,  it  was 


considered  (/Ai.iiOimi fU. 


Again  lot  us  note  that  when  the  optimum  program  of  control  is 


first  type  program  (containing 


izovysotnyy  phase),  occurs  descent  from  constraint  inside  the 
* permissible  region  of  phase  coordinates,  i.e.,  to  the  side  of  the 


increase 


flight  altitude. 


Page  8h. 


The  comiiiL  isoii  of  th-.'  optimum  progran  of  control  with  the 
progtara,  wniot;  envi.'iage tuaftic  DV  to  the  end  of  the  horizontal  phas; 


with  7/. .--//, .siijwr;  (Pi  j.  1)  that  at  the  opti.nutr.  control  the  magnitude  of 


the  final  rate  prove.',  to  tio  subntanti.ally  loss 
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of  optimization  it  is  3nffici*int  by  weiijht.  Fo 
exdiuple  foe  DV  nitii  Pj^  = 350  kgf/m*,  A'(,=0,3,  //,=6  the  kn 
losses  in  the  oiaijnitu.lo  of  the  final  rate  in  fliqht  with  H=il|^they 
compose  423  n/s. 


imurr’t ' • 
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Key;  (1)  kjf/ia*.  (2)  kra.  (3)  tn/a 


01-17-75 


-( 

PAGE  la  ! 


. I . 


I 


4 

o 


Let  us  examine,  dS  affects  the  ihdvjtiitade  of  the  final  rate  of 
change  in  the  altitude  of  the  conditional  poricenter  of  the 
tra-jectories  of  nitrince,  and  also 

tha  designed-ballistic  parameters  OV  (P^and  Ko)  and  the  minimally 

permissible  flijlit  altitude  at  the  optiiaum  control  of  the  final 

rate  of  descent.  The  dependences,  presented  in  Fiq.  4,  shou  that  the 

majnitude  of  the  final  rate  in  practice  does  not  depend 

on  the  altituds  of  the  conditional  pericenter  of  the  trajectory  of  th" 

entrance  within  th^  limits  of  the  operational  corridor.  As  one  would 

expect,  the  increase 

loads  on  frontal  nuriace  and  the  minimally  permissible  flight 
altitudes  dV  abive  the  surf.aca  of  planet  and  the  decrease 
lift-drag  ratio  lead  to  an  increase  in  the  final  rate.  Thus,  for 
inataiice,  increaa(i  rrom  JOO  to  500  kgf/in* 

.inl  -nil 

loaJs  to  incr'VajH  in  v^fioi^  450  to  72o  m/s,  an  increase  ^ with  3 to 
) Kin  leads  to  ctuinj''  in  Vj^from  465  down  to 


I 


o 
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♦♦♦♦♦♦♦♦♦♦iiOITOII:  PLEASE  CHECK  FOR  ALL  CYULUC  OB  UNCLEAR  ITEMS  ON 
THE  TAJLE  (FIGURE)  WHICH  MAY  HAVE  UEEN  LEFT  OUt*** 


I I 


Key:  (1)  Km.  (2)  kin/s.  (.1)  (4)  km.  (5)  vkh.  (5)  ra/s. 


o 

9 

9 


1)1-17-75 


PAUS 


Evdluatioi)  of  tho  ol tpct ivenejis  o£  tUo  optimum  control.  Tho 
obtaliioJ  abovu  .aatocialfi  maAo  it  possible  to  evaluate  tho 
eCf oot iveness  of  the  optimum 

control  in  comparison  with  pro<jcdai  A',,  =const.  Fig.  5 depicts  to 
dopendenco  67^  on  P^and  to  A^during  d reduction  DV 

witnin  operational  reotitry  corcidor.  It  is  evident  that  for  DV  with 
tha  assigned  clurao  teri  at  ics  the  gr«?at*:at  effect  is  achieved  during 
tidffic  KA  near  the  mildlo  of  opecationdl  reentry  corridor,  and 
suallest  - during  traffic  near  lower  boundary.  So,  for  DV 
with  ?^=  350  Kgf/iu^  and  A, -.=0.3  tho  jiaximuni  gain  SV^  ccraposes  170  n/s 
with  /A  =-u0  ko,  hut  minimum 
-35  a/a  with  H„=-l'/0  K;n. 


Page  ho. 


The  ettect  of  t ’i*'  iisj  of  the  optir.ni..i  coiitrcl  grou/cisos  with  an 
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( 


■'increase  of  A'„.  incredsea  P,  weaKly  affocta  oagnitude  .51^. 

I 

So,  with  increase  in  A'^from  0.3  to  0.5  the  value  81/^  grow/rises  from 

t 

’ 170  to  400  lu/s,  and  during  change  P^^fcoa  350  to  550 

t 

• Jtgf/n*  it  decreases  from  170  to  130  m/s. 
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"LEASE  CHECK  FOR  ALL  CYRILLIC  CB  UNCLEAR  ITEMS  ON 
THE  TABLE  (EIGU3E)  WHICH  MAY  HAVE  BEEN  LEFT  O0T*****»* 


Fi'j.  5. 


Key;  (1)  k^f/si*.  (2)  Km.  (J)  m/a. 
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The  cdrric-i  out  in vuet£<jatiand  show  that  in  each  concrete  case  it 

is  necessary  to  evaluate  energy  expenditures  on 

active  braiding  and  by  weight  of  descent  control  systea  before  giving 
preference  to  the  sinple  or  complex  view  of  descent. 


The  manuscript  received  19/X  1971, 


a2973 


1.  MaaHos  II.  ;Vl.,  Mai>fh<4foB  A.  II.  O mji;ciim3.;i.iio  .aonycni- 
MOfi  iiarpyiKc  lu  .loOouyio  noneimMocTi.  aiiiiapaiOD.  ocyi'K'ciB.imouiiix 
»»po.iiniii?iii'<i!CKHfi  ciiyci.'  H aiMOcJiepo  .M.ipca,  .V'leiiuc  3aniiCKii  UAnt', 
t.  II.  .'i  3.  1971. 

J2,  Habiiob  H.  .M.,  .‘A  ip  tun  08  -A.  II.  06  oahom  a.iropiir.Me 
ynpaVieiiiiii  koiiomioii  Cl;o|>'JCt^.^3  ciiyci.n  auroMBTimecKiix  aniupatoB  b 
atMOcincpc  .Mapea.  .yaaiiuo  aaiiiiCKK  LlAril*.  i.  II,  Ai  S,  1971. 

'3  fi  o II  t p H r II  II  .1.  C.  II  ,ip.  .'latOMatiiMeCKBH  teopiin  onTiiM4.ti«- 
iiux^npoueccoB.  .''1..  •t>iiaM.iirii;i,  1061. 

4.  )K  c .1 II  II II  lO.  II.  Ill  II  .ion  A.  A.  TpatKiopiiii  MiiiiiiMa.uiioii 
Aa.'iuiioCTii  npii  BViAO  .KocinisacKoro  aiinapar.i  u aTMOoJiopy  3c>iaii  co 
CflepxKpyroauii  CKopociBio.  ..''  vciiui.'  aaniiCKii  LIAI  H',  1. 1,  .SV  1.  1970 


/yvonuct  rwcnnnii.tn  WfX  1971  : 


